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It was once possible to divide chemistiy into several clear and defined 
branches-analytical, inorganic, organic, physical and biological. Although there 
was always a certain overlap among these simple categories it was not difficult to 
define the branches in terms that they are acceptable to most chemists. After World 
War II, there has been a general blurring of the defined branches of chemistry. 
Actually, the boundaries between chemistry itself and other major sciences are 
considerably less clear than they used to be. 
Analytical chemistry is concerned with theory and practice of methods used 
to determine the composition of matter. In developing methods the analytical 
chemists feel free to draw upon the principles from any field of science -
chemistry, physics, biology, engineering, computer science etc. For example, 
instruments developed by physicists such as mass spectrometer. X-ray 
diffractometer and the IR spectrometer have found wide applications in solving 
analytical problems. 
A chemical analysis may be Qualitative or Quantitative in nature. The 
former deals with the chemical identification of samples and latter with the 
determination of relative amounts of constituents. Qualitative information is almost 
invariably required before carrying out quantitative analysis of a given sample of 
matter. 
Prior to a chemical analysis, separation of different constituents in a given 
sample is the primary concern of an analytical chemist. The classical methods used 
for the separation include distillation, extraction, precipitation, crystallization, 
dialysis, diffusion etc. Chromatography, ion-exchange and electrophoresis are the 
modem analytical techniques. The most important advantage of these techniques is 
that they can be performed by using the modest and inexpensive equipment. They 
are simple and versatile and are useful in the separation of substances with similar 
properties in trace amounts. The separations of rare earths, radioactive elements, 
amino acids, sugars and other closely related compounds may be cited as examples 
of their typical uses in analytical chemistry. 
The first description of a chjomatographic separation [1] was provided in a 
paper published in 1906 by Michael Tswett, a Russian botanist at the University of 
Warsaw for the separation of various leaf pigments. Chromatography is a physical 
method of separation, in which the components to be separated are distributed 
between two phases, one constituting a bed of large surface area and the other 
being the fluid that percolates through or along the stationary bed [2]. The 
stationary phase may be solid or a liquid and moving phase may be a liquid or gas. 
Based on this principle the various chromatographic methods may be sunmiarized 
as shown in Table 1.1. 
Out of these various chromatographic methods, ion-exchange has attained 
wide applications in practice. The phenomenon of ion-exchange is not of recent 
origin. The earliest reference of ion-exchange was found in the Holy Bible. Moses 
succeeded in preparing drinking water from brackish water by an ion-exchange [3]. 
Later on, Aristotle stated that sea water loses part of its salt content when 
percolated through certain sands [4]. Base exchange, or in more modem technology 
cation exchange has been the subject of great amount of scientific investigation 
since the middle of 19"' century [5,6]. The materials responsible for this 
phenomenon were identified by Lemberg [7] and later by Wiegner [8] as clays, 
glauconites, zeohtes and humic acids. Such discoveries led to the use of these 
materials in plant operations or water softening. 
In the second half of the 19"^  cenmry, agro chemist published a number of 
papers dealing with ion-exchange in soil suggesting in various reversible behaviour 
of the ion-exchange process [9]. In 1859, Boedeckar proposed an empirical 
equation describing establishment of equilibrium on inorganic ion-exchange 
sorbent. The discovery and development of theory of ion-exchange was reflected in 
practical applications. Harm (1896) and Rumpler (1903) proposed the use of 
natural and artificial aluminosilicates to purify beet syrup [10] and synthesized first 
industrial ion-exchanger. Cvet, developed the methods and theoretical basis of 
adsorption chromatographic analysis (1906), using both oxides and hydrated oxides 
of metals, various types of soil, silicates and other inorganic substances as 
adsorbent. Folin and Bell [11] first developed an analytical method for 
determination of ammonia in urine using zeolites. Not only the scientists, but 
industrialists led to various conclusions. Gans [12] applied ion-exchange technique 
for the recovery of gold from sea water and termed the cation exchanger based on 
"aluminosilicates" as "permutits". Adams and Holmes [13] discovered that some 
synthetic high molecular weight polymer containing a large number of functional 
groups, could be employed as ion-exchangers. The synthetic research on ion-
exchange was started in 1944 by Kakihana at the laboratory of Analytical chemistry 
in Tokyo Imperial University, Japan. 
The time span for different stages of development of ion-exchange technique 
vary from period to period. The period upto 1850 was confined to experimental 
observations and information. The period between 1850-1905 led to the discovery 
of ion-exchange and start of technical utilization of ion-exchange. The period from 
1905-1935 led to the rapid development of artificial organic exchangers and 
complete elimination of inorganic ion-exchangers from all applications. The period 
after 1940 has seen a continuous and rapid development of artificial organic and 
fibrous ion-exchangers and a renaissance in inorganic ion-exchangers and their 
practical applications. 
Ion-exchange process is an important tool in laboratories and in industries. 
At first they were used in water softening but later on they were employed to 
various other fields like separation of metal ion, separation of organic substances, 
preparation of artificial kidney machines, preparation of ion-selective elecfrodes, 
preparation of ftiel cells etc. The field of ion-exchange application is increasing day 
by day in industries. Today ion-exchange is firmly established as a unit operation 
and is in extremely valuable supplement to other procedures like filtration, 
distillation and adsorption. Ion-exchangers are sohd insoluble materials capable of 
exchanging ions (cations or anions). These ions can be exchanged for 
stoichiometrically equivalent amount ions of same sign when ion-exchanger is in 
Table 1.1 Various chromatographic techniques used in analytical chemistry 
CHROMATOGRAPHY 
Liquid Chromatography (LC) 
(Liquid carries the dissolved solute 
through the sorbent column, paper or 
thin layer) 
Gas Chromatography (GC) 
(An inert wash gas carries is the 
gaseous mixture through the sorption 
column). 
Liquid-Solid 
Chromatography 
(LSC) 
Liquid-Liquid 
Chromatography 
(LLC) 
Gas-Solid 
Chromatography 
(GSC) 
Gas-Liquid 
Chromatography 
(GLC) 
Column 
Chromatography 
Non-column 
Chromatography 
1 
Normal phase 
Chromatography 
(Fixed polar liquids) 
Reversed phase 
Chromatography 
(Fixed non-polar liquids) 
Paper 
Chromatography (PC) 
Thin-layer 
Chromatography (TLC) 
Adsorption 
Chromatography 
Ion-Exchange 
Chromatography 
Gel Permeation, Gel Filtration 
Or Molecular Chromatography 
contact with an electrolyte solution. C^^^^.Qg, ^^|\^jgi^we cations are cation 
exchangers. Carriers of exchangeable anions are anion exchangers. Carriers of 
exchanging cation and anion both are amphoteric exchangers. Ion-exchangers have 
peculiar feature to the structure. They consist of iframework held together by 
chemical bonds or lattice energy. Framework is a matrix. The matrix is a highly 
polymerized cross-linked hydrocarbon containing ionogenic groups. Ion-
exchangers have porous structure. 
Ion-exchange is a stoichiometric process in which exchange of ions takes 
place between stationary and mobile phases. Ion-exchange may be represented as -
R—A + B ( a q ) ^ R—B + A(aq) 
where, A and B are replaceable ions, R is the matrix or structural unit. The ion-
exchange process is a reversible process. The process resembles sorption in many 
respects but the characteristic difference between the two is, that ion-exchange is a 
stiochiometric phenomenon, i.e. every ion removed from solution is replaced by an 
equivalent amount of ionic species of same sign, while sorption is a process in 
which solute is taken up without being replaced by another species. Both the 
processes can occur simultaneously. 
Ion-exchangers may be "organic" or "inorganic" in nature. Organic ion-
exchangers for the technical purpose were described during 1930's in many patents 
the basic patent concerning these resins was taken in 1935 by Adams and Holmes. 
Organic ion-exchangers are well known for their uniformity, chemical stability and 
for the easy control over their ion-exchange properties tlirough synthetic methods. 
Organic ion-exchanger resins consist of an elastic three-dimensional network of 
hydrocarbon chain which carry fixed ionic groups. The resins are cross-linked 
polyelectrolytes. Organic ion-exchange resins may be natural or synthetic. 
Sulphonated coal, wood are the examples of organic ion-exchange resins. Synthetic 
ion-exchange resins are prepared by condensation of phenol or copolymerization of 
styrene and divinylbenzene to form a framework. The copolymerized product is 
treated with appropiate acid to give the ionic group. The matrix carries ionic groups 
such as -SO3, -COO", -PO;", AsO'" in cation exchangers and - N H ; , 
N N H J , yN'^'^, —S'^ in anion exchangers. Anion and cation exchangers may be 
weak or strong depending on the ionic group. Synthetic resins are superior than 
natural resins in their chemical and mechanical stability, ion-exchange capacity, 
ion-exchange rate and versatility. 
Although organic resins have wide applications in analytical chemistry 
because of their high stability in the wide range of pH and reproducibility in results, 
the main drawback, has however, been their unstability under conditions of high 
temperature and in presence of high radiation. This was the reason why a revival of 
interest in inorganic ion-exchange materials took place. The matrix of the inorganic 
ion-exchange resins is more reactive than that of the organic ion-exchange resins 
and the selectivity for the metal ion depends both on adsorption characteristics of 
the matrix and the ionogenic groups attached to the matrix. 
INORGANIC ION-EXCHANGERS 
Inorganic ion-exchangers are receiving increasing attention owing to the fact 
that they are resistant to heat and radiation and can be used for high temperature, 
separation of ionic components in radioactive waste, as solid liquid electrolyte and 
as catalysts. They can be prepared both in crystalline and amorphous forms. These 
exchangers have good chemical stability and reproducibility. Important advances in 
this field have been reviewed by number of workers at various stages of 
development like Amphlett [14], Fuller [15], Qureshi et a/. [16], Vesely and 
Pekarek [17,18], Clearfield et al. [19], Alberti et al. [20] and Costantino [21]. The 
books [22,23] published provide a complete picture of the field and its wide-
ranging applications. Dyer deals with the theories involved in zeolite molecular 
sieves [24,25] which have principles underlying the inorganic ion-exchangers. 
Inorganic ion-exchangers are produced by combining the oxides of HI, IV, 
V and VI groups of periodic table. A large number such materials have been 
synthesized so far are prepared by mixing phosphoric, arsenic, molybdic, antimonic 
and vanadic acids with titanium, zirconium, tin, thorium, cerium, iron, antimony, 
chromium, niobium, tantalum, bismuth, nickel, cobalt etc. 
FIBROUS ION-EXCHANGERS 
Fibrous ion-exchangers have been of recent origin and these materials have 
drawn the attention of researchers and experimentalist as they exhibit a high 
efficiency in the process of sorption from gaseous and liquid media. Fibrous ion-
exchange materials have great advantage of having capability for obtaining in 
different forms such as conveyer belts, non-woven materials staples, nets and cloths 
etc. This may open new and novel possibilities of using these materials in 
environmental analysis. 
Fibrous ion-exchangers consist of monofilaments of uniform size ranging in 
diameter between 5-50)a,m. This predetermines short diffusion path of sorbates in a 
sorbent and high rate of sorption, which can be about hundred times higher than 
that of granular resins, which have particle ranging in diameter 0.25-ljj,m, normally 
used in such processes. Thus, they are more useful in large-scale processes. These 
ion exchangers have extremely high osmotic stability, which allow them to be used 
in conditions of multiple wetting and drying occurring at cyclic sorption process or 
regeneration process in air purification. Fibrous ion-exchanger, open new 
alternatives in ion-exchange processes. Various applications of fibrous ion-
exchangers are shown in Fig 1.1. The literature study shows that most of the 
researches on ion-exchange fibre have been done at USSR and Japan, thus these are 
the main centres of origin. 
Number of monographs [26-28], review papers [29,30] and patents are 
described which deal with the preparation methods, technologies properties and 
possible areas of applications of fibrous ion-exchangers. The tentative production 
of different fibrous ion-exchangers (VION®) has been organized in the USSR. 
y\. yv yv 
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Fig. 1.1 Variants of application of ion-exchange fibres (lEF) in liquid and gaseous 
processes, 
(b) Ion-exchange columns with different filling 
(i) Staple pulp (ii) Parallel threads (iii) Layers of fibrous material 
(b) Conveyer belt made of ion-exchange fibres (Process with continuous 
regeneration). 
(c) MatsmadeoflEF in the river or sea stream 
(d) Dragging nets made of lEF 
(e) Chemical air filters with lEF 
(f) Gas mask or respirator filled with lEF material 
Similar products are also produced in Japan [30,31]. Recently, research has been 
carried out to develop preparation methods for fibrous ion-exchangers of different 
types and identification of different fields such as air purification from acidic and 
alkaline impurities [26,32], water purification, preparative chromatography etc. at 
the Institute of Byelorussian Academy of Sciences. Japanese and Western authors 
[33-35] have done a lot of work related to water purification, extraction of uranium, 
gold and other useful substances from water. Here, various applications of fibrous 
ion-exchangers make it possible to employ other conventional column methods. 
Fibrous ion-exchangers have the registered trademark "Fiban " [36]. Fiban 
K-1 [37] is a strong acid cation exchanger. It is prepared by sulphonation of styrene 
divinylbenzene copolymer grafted on to polypropylene fibre. Fiban A-1 [38] is a 
strong base fibre, is a product of chloromethylation and subsequent amination of 
the same grafted copolymer with trimethylamine. Fiban K-1 and A-1 ion-
exchangers are analogues of common granular ion-exchange resins and can be used 
for the same purpose. The Fiban AK-22, is a weak base polyacrylic fibre, is a 
complex forming polyampholyte containing imadiazoline and carboxyl groups 
[39]. 
Two families of Fiban fibres are developed. One of them is prepared by 
grafting of polystyrene onto polypropylene fibres. It was carried out at room 
temperature by use of styrene solutions in organic solvents by means of generation 
of radicals in the polypropylene matrix initiated by lOOrad/s radiation. In other 
cases, about 2% vinyl benzene was added to styrene. The exchange capacity of 
these ion-exchangers can be varied changing the quantity of polystyrene grafted 
onto polypropylene fibres and degree of polymer analogous transformations. Under 
several conditions grafting degree can be raised to 600%(6 weight parts of 
polystyrene per one weight part of polypropylene), the sulphation degree to 1, 
amination degree to 1.2, (functional groups peer benzene nucleus). The exchange 
capacity of these ion-exchangers can reach up to 4.5meq/g. The exchange capacity 
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Fig. 1.2 shows the scheme for preparation of family of fibrous Fiban ion-
exchangers. 
H2C—CH 
CH 3 
_ n 
H2C=CH 
c 
t 
9 
H2C=CH 
Polypropylene - graft [Styrene-DVB Copolymer] 
H2SO4, AT 
1 
1. CH3OCH2CI; SnCU; 
ZnCi2, AT 
2. (CH3)3N, AT 
' 
FIBAN K-1 
' ' 
FIBAN A-1 
1. CH3OCH2CI; SnCU; 
ZnCl2, AT 
2. NaOH, AT 
3. HNO3, AT 
yr 
FIBAN K-1 
R R R 
O and COOH 
SO3H CH2-N^(CH3)3Cr COOH COOH 
Fig. 1.2 A technological scheme for preparation of Fiban ion exchangers. 
of anion exchangers with imidazoline groups can be up to 1 Imeq/g. The problem in 
synthesis of ion exchanger fibres is compromisingly high exchange capacity and 
their mechanical properties (tensile strength and elasticity). An increase in ion-
exchange capacity leads to decrease in mechanical and textile characteristics. The 
swelling of fibres should be maintained within acceptable limits. The swelling 
properties of fibrous ion-exchangers can be varied by changing the polystyrene 
grafting degree, the divinylbenzene content, the number of functional groups, the 
grafting conditions and treatment of fibres. Swelling of fibrous ion-exchangers 
qualitatively depends on the ionic form and the way of swelling resembles with 
conventional granular ion-exchangers. The preparation of ion-exchangers of 
maximum capacity serves no practical purpose due to unfavourable mechanical, 
osmotic properties, as well as swelling ratio. 
Ion-exchange fibres open new technological possibilities for metal ions 
recovery, purification of water and treatment of water in natural reservoirs. Ion-
exchange fibres when used for purification of water and gases may undergo 
osmotic shocks or may be exposed to aggressive media. Fibrous ion-exchangers 
can be used to make fabrics under some mechanical characteristics. Fibrous ion-
exchangers are uniform in diameter as compared to commercial granular ion-
exchange resins. For weaving fabrics, the strength of ion-exchange fibres is kept 
high. They can withstand multiple bends without destruction. The ion-exchange 
capacity is not affected when they undergo various osmotic shocks induced by 
fi-equent changes in swelling. The structure of fibres depends on the method of 
preparation of starting graft copolymer. It may be more or less porous in nature and 
yield ion-exchanger of greater or lesser mechanical and osmotic strength. Ion-
exchange fibres are produced by introducing, through radiation initiated by graft 
polymerization, ion-exchange groups into the sheath of each composite fibre the 
core and the sheath of which is composed of different kinds of high polymer 
components. Exposing fibres with a core/sheath structure to an ionizing radiation 
and then grafting a polymerizable monomer to the fibres produce separation 
fimctional fibres. The separation functional fibres and ion-exchange fibres are 
useful in purification of pure water in electric power, nuclear, electronic and 
pharmaceutical industries and demineralization of high- salt content solutions in 
production of food and chemicals. The fibers are also usefiil in removing harmful 
gases as well as odorous components such as ammonia [40]. 
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The preparation of acrylic grafted polypropylene fibres improves 
indyeability of polypropylene fibre through high-energy radiation grafting 
technique [41]. It evaluates the role, actual and potential of high-energy electron 
beam irradiation of polypropylene fibres for grafting with aqueous solutions of two 
acrylic monomers in the presence of peroxide catalyst. The most effective 
combination depends on a particular molar ratio of each monomer, which give a 
synergetic influence on graft yield. 
Fiban K-1 and Fiban A-1 fibres have a chemically inert matrix, 
polypropylene. The chemical stability of Fiban K-1 and Fiban A-1 fibres towards 
acids, bases, oxidants and majority of solvents under ordinary conditions is similar 
to that of common styrene- divinylbenzene ion-exchangers. The thermal stability of 
ion exchange fibres is determined by properties of polypropylene-polystyrene 
binding nodes. Besides, various effects of anion exchangers, it has been found 
fibrous ion-exchangers [42] that at 160°C an endothermal peak appears in DTA 
curve which provide an evidence for the melting of polypropylene matrix 
crystallites. In addition, at 185-196°C a sharp increase in heat release is observed. 
The studies of ion-exchange capacity and infra-red spectra showed that above 
affects can also be explained by the overlapping of an endothermal process and 
decomposition of ftmctional groups of anion exchange fibres upon exothermal 
oxidative polypropylene destruction. Thus, Fiban A-1 Fiban K-1 can be applied 
under similar conditions to granular styrene divinylbenzene ion-exchangers. The 
osmotic stability of fibrous ion-exchangers based on polypropylene fibres appeared 
to be very high. They undergo thousands of swelling-contraction cycles upon 
alternate treatment with acids and base, as well as drying and wetting while the 
fibrous ion-exchangers with polyethylene fibres [43] shows a more homogenous 
composition of ftmctional groups and a higher elasticity. 
Fibrous ion-exchangers [44,45] obtained in the form of sheet have high 
permeability to air and water. Watanabe [46] described a method for manufacturing 
partially heat-bonding ion-exchange fibres and fibre containing components (A) 
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having melting point lower than the ion-exchange fibres and or components having 
melting point higher than the A. Thus, a piece of paper (basis wt. 100/gm^) prepared 
from 50:50 mixture of multicore ion-exchange fibre (diameter 40fim, length 0.5mm) 
and cellulose fibre was pressed at 5 kg/cm^ dried at 90°, laminated with a web (basis 
wt., 30g/m^^ of component hot-melt adhesive fibre (B), sandwiched between steel 
nets, and heated at 175°C for 3 min to form a sheet showing tensile strength 4.1 
kg/15 mm (longitudinal) and 4.2 kg/ 15 mm (transverse) tear strength (3.8 kg /cm ) 
and air permeation 4.9 cm^/cm^-S. The ion-exchange fibre sheet in the form of 
tobacco smoke filter material [47,48] prepared by sulphonating polymer fibres, 
selectively remove carcinogenic and mutagenic substances fi:om cigarette smoke, 
without affecting flavour and aroma. Thus, a compound containing polystyrene 
[9003-53-6] 40 and polypropylene [9003-07-0] 10 parts enclosing polypropylene 50 
parts were spun at 270°C to yield fibre (42 denier, 42 filament). The fibres were cut 
into 1 mm segments. The cut fibres were soaked in a solution containing H2SO4 22, 
nitrobenzene 104 and paraformaldehyde 0.3 parts. The fibres were allowed to with 
stand at room temperature for 6 hours, washed with water and then ethyl alcohol and 
dried. The dried fibres were soaked in H2SO4 at 90°C for 24 hours washed and 
dried. The fibres were H-type, sulphonic acid-containing strongly acidic cation-
exchangers, (ion-exchange capacity 3.0(ig Na/g, water content 12.3%). The fibres 
were fibrilized in a blender, mixed with an equal amount of polyethylene pulp, and 
made into sheet. The sheet and poly (ethylene- terephthalate) were layered and made 
into cigarette filter tips. The cigarette filter tips give more tars than a conventional 
one, and gave high organoleptic test scores. Ion-exchange fibres and their fabrics 
have been introduced and their main properties such as microsmic surface 
appearance, physical properties, absorption capacity, regeneration and dust holding 
properties have been studied comprehensively. Using non-woven fabrics as 
purifying material, a new type harmful gas purifier has been developed. 
Fibrous ion-exchangers can be used for many hydrometallurgical processes 
and are accompanied by air pollution with volatile acid anhydrides and aerosols. 
14 
The various properties of ion-exchangers give an idea for their use in air 
purification. Various publications [49-57] describe the sorption of SO2, CO2, NH3, 
HCl by ion-exchange resin The high sorptive capacity with positive effect of 
humidity is responsible for the development of nev/ air purification technologies. 
These technologies are related or deal v\^ th large volume of purified air. Even 
smallest scale processes require treatment of thousands of cubic meter of air per 
hour. It means that flow rates in them must be high which need high sorption rates. 
Fibrous ion-exchange materials in the form of cloth or non-woven belt can be 
used for removal of impurities from gas flows. They contain filament with thickness 
below 50 microns. It has been shown that rate of sorption is one or two orders of 
magnitude higher than that of industrially produced resins of similar chemical 
structure [58]. The materials are elastic in nature to some degree and have 
outstanding osmotic stability [59]. The number of studies proves the advantages of 
various applications of fibrous ion-exchangers in gaseous processes [60,61]. 
Fiban A-1 and Fiban AK-22 were tested for removal of acidic impurities 
such as CO2, H2S, SO2 and vapour and aerosols of inorganic and some carboxylic 
acids from air. Fiban K-1 was tested for removal of ammonia fi-om air [62,63]. 
Strong base ion-exchange fibre (Fiban A-1) can be used for sorption of any acidic 
impurities but it is most rational to apply them only to sorption of weak acids or 
substances forming acids in humid media since regeneration in this case is easier 
than that for strong acids. Practically, important cases are H2S, CO2, HCN, CI2. 
Alkaline solutions are used for regeneration of anion exchanger. Weak acidic ion 
exchange fibres (lEF) like Fiban AK-22 can be used for sorbing strong acids. 
Alkaline impurities can be efficiently sorbed by carboxylic (Fiban K-4) or sulphonic 
(Fiban K-1) type of lEF. 
Fibrous ion-exchangers are used to prepare deodorizing cloth by weaving 
ion-exchanger grafted fibres with either natural or artificial fibres [64]. The cloth is 
used for manufacturing bedding and clothing. Polyester fibres were irradiated with 
20Mrad.electron in nitrogen and soaked in a solution containing hydroxystyrene 
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monomer and isoprene to give grafted polymers, which were aminoquatemized to 
form anionic fibres. Polyester fibers were irradiated with 20Mrad.electrons in 
nitrogen soaked in acrylate solution to give grafted polymers, which were treated 
with NaOH solution to give cationic fibres. Cloths were prepared using these fibres. 
Fibrous ion-exchangers are useful in metallurgical applications. They are 
used for recovery of gold in the presence of cyanide solutions, from aqueous 
solutions by hydrogen reduction in thiosulfate solution. Kotze [65,66] synthesized 
fibrous ion-exchangers using propylene staple as cheap, stable and robust base. 
Styrene was copolymerized onto propylene fibres. Various anionic groups were 
fixed on this material to find the most effective ion-exchanger for the selective 
recovery of gold in the presence of other metal cyanide. Belfer [67] described the 
gold cyanide absorption by new fibrous ion-exchanger prepared by the amination of 
sulfochlorinated polyethylene. Deventer [68] deals with the competitive adsorption 
of organic compounds and gold cyanide onto ion-exchange fibre and membrane. 
Loadings of organic compounds were measured on gold equilibrated adsorbents and 
compared to loadings on virigin adsorbents. Fibrous ion-exchangers were used for 
recovery of high purity zinc oxide from steel making dust [69]. These ion-
exchangers are also used for recovery of non-ferrous metals [70] like Cu and Ni 
were removed from simulated and real mine water. 
Fibrous ion-exchangers are used for solidification of radioactive waste [71], 
manufacture of fabrics capable of removing ionic substances [72], removal of 
chromium trioxide [73] from waste gases, removal of [74] mercury from waste 
water with 84.2-100% efficiency. Removal of heavy metal ions from water [75] like 
Cu, Pd, Zn, Fe, Co, Ni, Ag, Cr and Mn. PAN-PEA and carbon fibres were used for 
their removal from waste water, removal of toxic gases [76], cleaning of 
environment [77] and removal of arsenic from chloride medium [78]. 
Fibrous ion-exchangers act as prospective sorbents for the separation of rare 
earths and aerosols [79-81]. They have high efficiency for separation of heavy metal 
ions from aqueous solutions [82,83]. Fiban AK-22 [84] for Cu^^ Cd^\ Ni^^and Co^^ 
was studied as a function of pH and showed that the ion-exchanger can be used for 
quantitative analysis of Cu, Ni and Co in mixture as well as for their preparative 
separations by selective elutions from chromatographic column. Cu-Ni, Ni-Co, Cu-
Zn, Zn-Pd and Cu-Ni-Co mixtures were separated by elution with stepwise change 
of the pH. 
Fibrous ion-exchangers can be used in form filters. Filters are made up of 
ion-exchange fibres manufactured by radiation graft polymerization, for example 
polyolefins. Activated carbon is optionally used along with ion-exchange fibres. The 
air filters are used for removal of hazardous gases, malodorous gases, or fme 
particles from air in automobiles, gas cleaning filter holders for accurate 
determination of gases. Chemical filters are prepared for ultrapurification of clean 
rooms [85]. The non-woven filtering materials [86,87] are used for removal of 
harmful compounds like nitrites, nitrates, heavy metals, surfactants, herbicides, oils, 
free CI etc. from potable water. Non-woven fabric containing ion-exchange fibres 
for filtration of gas is studied [88]. 
The filters [89] consist of ion-exchange fibers of chloromethyl styrene graft 
polymer quaternary ammonium compounds and 4-vinyl pyridine graft polymer 
quaternary ammonium compounds. The filters rapidly and certainly collected micro-
organism floating in air and are suitable for use in air-conditioning systems. 
Filtering material comprise ion-exchange sheets and electrically polarized synthetic 
fibre sheet with separator for air filters [90]. 
In 1998, Clemente [91] described a process which deah with the 
transformation of residuals and excess of vegetable, herbaceous plants, quickly 
renewed vegetable in a fibrous material having high content of cellulose, and paper 
characteristics and directly suitable for the production of paper and board without 
using polluting and toxic chemical products. 
Ergozhin[92] synthesized fibrous ion-exchanger by treating poly acrylonitrile 
fibre waste with (1:17) H2S04-Hydroxylamine sulphate mixture and simultaneous 
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neutralization with NaaCOj or alkali during heating at 40-50°C. Fibrous ion-
exchangers were prepared to obtain good sorption properties. In this method, 
carboxylated acrylic fibres were modified partially with epichlorohydrin 
polyethylene-polyamine adduct, PAE [93]. The ion-exchange capacity of PAE 
modified fibres with respect to HCl was -53% of the theoretical value. The capacity 
increased from 2.1 to 3.6mmol/g with increasing modification temperature from 20-
IOO°C and from 2.7-4. Immol/g with increasing COOH group content from 0.7 to 
2.5mmol/g. The good sorption properties were obtained when the fibres were dried 
at 20°C. 
Kinetic characteristics of process of electrodialysis with different fibrous ion-
exchangers in desalination chamber [94] are studied. Kinetics of preparation of 
biologically active fibres with anesthetic activity is described [95]. 
Zosina [96,97] prepared fibrous porous composites with good sound proofing 
properties from polyvinyl alcohol binder and HCHO, in the presence of mineral 
catalyst, by filling 1-3mm polyacrylonitrile fibres waste from fiir substitute 
manufactured non-woven needle-punched fabrics from recycled wool, polyamide 
fibres, acrylic ion-exchange fibres. 
Borell [98] prepared fibrous ion-exchangers by introducing basic groups, for 
example, tertiary-amine, tetra-hydropyrimidine, imidazoline, quaternary ammonium 
groups onto cross-linked water insoluble polyacrylonitrile fibres. This fibre had ion-
exchange capacity of 6.3mmyg. Ivanova [99,100] prepared fibrous ion-exchangers 
based on polyacrylonitrile modified with sodium-alkylsiloxanes. 
Pushpa Bajaj synthesized acrylonitrile-acrylic acid copolymers [101,102] and 
acrylic fibres [103-109] having high tenacity, spiiming, chemical and technical 
applications. Bajaj also studied the influence of spinning dope activities and spin 
bath temperatures on the structural and physical properties of acrylic fibres [110]. 
Zosina et al. [ I l l ] studied the characteristics of modification of 
polyacrylonitrile fibres by metal alkyl silanolate complexes. They synthesized heat 
resistant ion- exchange fibres by base hydrolysis of as-spun polyacrylonitrile fibres 
in the presence of Zn[Al-Zn, Fe(III)-Zn, Zr, Sn (IV)]-Me Si(0H)20Na complexes 
Most active complex was Fe (Ill)-Zn and least active was Sn(IV) complex. Sorbents 
based on polyethylene polyamine (PEA) modified (PAN) polyacrylonitrile fibres 
[112] are used for concentrating Mo, W, Va, Cr and As and for the extraction of 
these elements from natural and waste water. PAN-PAE sorbents are weakly ba.sic 
anion exchangers in OH" and CI" forms. 
Ion-exchange fibres based on polyvinyl alcohol polyacrylonitrile containing 
COOH group [113] were used for absorption of insulin. Andreeva [114] studied the 
absorption of Mo^ .^W^^V^ .^Cr^^ & As^ * on a fibrous exchanger of polyacrylonitrile 
modified by polyethylene polyamine Cr^^ becomes strongly bonded to the 
exchanger. 
Volf [115] prepared the selective ion-exchange fibres from polyacrylonitrile 
and polyvinyl alcohol fibres for the sorption of precious metals by modification with 
hydroxylamine in the presence of polyethylene-polyamine or by bonding the fibres 
pyrazole and mercaptobenzothiazole. Yoshioka [116-122] first prepared a 
polystyrene based ion-exchange fibre by using an islands-in-a-sea type composite 
fibre. It possesses large ion-exchange capacity and a high mechanical strength. It 
was found that the resulting fibre has two fundamental characteristics, ion-exchange 
rate for metal ion is very high and the capacity of adsorbing the macromolecule 
ionic substances is accordingly large compared with ordinary ion-exchange resins 
Polystyrene derivatives are used for water purification in nuclear plants. They act as 
effective solid acid catalyst. Fibres articles are shaped like honey-comb. 
Like Fiban, VION® fibrous ion-exchange materials are also studied. All the 
VION fibres are [123] acid resistant but undergo hydrolysis of nitrite groups to 
carboxylic groups in alkaline solutions. Na2C03 solutions are recommended for 
regeneration of ion-exchanging fibres. 
Water vapour sorption by carboxyl group containing chemisorptive fibre in 
different ionic forms of acrylic fibre Vion was studied. Preparation of Vion 
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chemisorptive fibres in concentrated hydrazine hydrate solution was discussed 
[125]. 
VION® fibrous ion-exchanger materials can be used in the purification of 
gases fi-om acidic and basic impurities. It has confirmed by Barash et al. [126-128]. 
They studied the effect of repeated generations on the properties of Vion AN-I ion-
exchange fibres for the removal of the harmful emissions, for example, HCl from 
gas- air and liquid media was studied. The ion exchange capacity (lEC) of fibre was 
not affected by regeneration in 0.1 N acid and alkali solutions but the ion- exchange 
capacity decreased to 92.1 and 78.8% by repeated generation in 5N H2SO4 and IN 
HNO3 respectively. The lEC of fibres increased when treated with 1.25 N NaOH at 
90° due to the nitrile group hydrolysis. 
Polovikhina [129] smdied the sorption of chloride, nitrate and sulphate 
anions under static and dynamic conditions for fibrous anion exchanger-Vion AS-1 
containing pyridine groups and Vion AS-2 containing diphatic anion groups. The 
sorption process is dependent on size of anion of fibrous sorbents. 
The study of insoluble crystalline acid salts of tetravalent metals has 
facilitated the preparation of several new crystalline fibrous inorganic ion 
exchangers. The first fibrous acid salt of tetravalent metal was cerium (IV) 
phosphate prepared by Alberti et al. [130,131]. A very interesting feature of fibrous 
cerium phosphate is that it results in a flexible sheet similar to cellulose paper [132]. 
Fibrous cerium (IV) phosphate shows at low loading, a maximum uptake of Cs(I) 
alkali metals and for Ba(Il) among the alkaline earths. On increasing the loading a 
reversal in selectivity is observed. Support free fibrous cerium (IV) phosphate sheets 
have already been used for chromatographic separation of inorganic ions and are 
found to be selective for certain cations such as Pb(II), Ag (I), Tl (I) and K(I). Later 
on fibrous thorium phosphate [133,134] titanium [135,136] and titanium arsenate 
were prepared or obtained. Fibrous inorganic ion exchangers are very interesting 
because they can be used in the preparation of inorganic ion exchange papers or thin 
layers suitable for chromatographic cation separations. The inorganic papers of 
thorium phosphate can be prepared easily and can be compared to those of cerium 
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phosphate as regards in chromatographic separation where reducing agents are often 
used as eluants or spot test reagents. They can also be utilized to prepare ion-
exchange membranes without a binder [137,138] with good electro-chemical 
behaviour [139]. 
Varshney et al. synthesized some new fibrous ion-exchangers [140-142] with 
promising ion-exchange behaviour supported by some important separations 
achieved practically. Further, because of the fibrous nature of these materials new 
technological possibilities have emerged as they can be used in different convenient 
forms for the abatement of environmental pollution. 
The insoluble acid salts of tetravalent metals have been employed to prepare 
inorganic ion-exchange membranes, which are interesting from both fundamental 
and practical point of view. Owing to their high selectivity and stability these 
membranes have applications as selective electrodes where organic membranes fail. 
They can be successfully employed in fiiel cells at high temperatures or in 
concentrating the waste containing fission products. 
From the above literature, and number of publications we conclude that very 
less work have been done on fibrous ion-exchangers in regard of production of ion-
exchange fibres. The chemistry of processes involved have not been studied 
thoroughly. Little studies have been reported on the properties particularly, 
mechanical and textile properties. The problem in the synthesis of fibrous ion-
exchangers have been compromisingly high ion-exchange capacity and mechanical 
properties i.e., tensile strength and elasticity. Higher or increase in ion-exchange 
capacity leads to fall in their mechanical and tensile characteristics. 
Number of investigations has been made regarding the method of preparing 
fibrous ion-exchangers, which have large surface area per unit of weight and can be 
used in an arbitary form [143-145]. The following indispensable conditions are kept 
in mind to prepare the ion- exchange fibres-
1. The material should be insoluble within a wide range of pH. 
2. The ion-exchange capacity should be large enough to ensure practical 
operation. 
3. The mechanical strength should be sufficiently high. 
4. The ionic group and basic polymer should be chemically stable. 
The fibrous materials open new and novel possibilities in environmental 
analysis for the separation or removal of harmful ionic impurities from aqueous and 
gaseous media, it was thought worthwhile to investigate further the possibility of 
synthesizing fibrous material, which may be good ion-exchangers also. In view of 
this, efforts have been made in laboratories to obtain fibrous ion-exchangers having 
inorganic matrices to make them of greater use for the selective removal of ionic 
impurities at high temperature using strong radiations. 
The present study is concentrated on preparing the granules of fibrous ion-
exchange materials suitable for column use or preparing their membranes useful for 
analytical separations. The following chapter summarizes the synthesis and 
characterization of "Acrylamide based Cerium (IV) Phosphate"which shows a 
selectivity for Hg(ll). 
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SYNTHESIS CHARACTERIZATION 
AND ANALYTICAL APPLICATIONS 
OF ACRYLAMIDE BASED CERIUM(IV) 
PHOSPHATE AS FIBROUS 
ION EXCHANGER 
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2.1 INTRODUCTION 
Fibrous materials have a great promise in the developments of nev/ 
technology useful for the environmental chemists for the separation / removal of 
harmful ionic impurities from aqueous and gaseous media. They consist of 
monofilaments of uniform size ranging in diameter between 20 and 300 \im. The 
main advantage of these exchanger is that they can be used as conveyer belts, nets, 
floating mats etc. They are produced in various forms such as staple, cloth and non-
woven materials and may open new alternatives in ion exchange processes. 
In these laboratories the studies are in progress for the synthesis and 
characterization of fibrous ion exchangers. Very recently we have produced the 
Acrylonitrile based Cerium (IV) phosphate[l], Polyacrylonitrile based Thorium 
(IV) phosphate[2], and Polystyrene Thorium (IV) phosphate[3], which have shovm 
selectivities for mercury (11), lead (11) and cadmium (11) respectively. 
In the present study, acrylamide cerium (IV) phosphate (AACeP) has been 
synthesized and its ion exchange properties have been studied. The following page 
summarizes such a study. 
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2.2 EXPERIMENTAL 
2.2.1 REAGENTS AND CHEMICALS 
Ceric sulphate [Ce(S04)2.4H20] and aciylamide (CH3CHCONH2) were 
obtained from CDH (India) while phosphoric acid (H3PO4) was a Qualigens (India) 
product. All other reagents and chemicals were of Analar grade. 
2.2.2 PREPARATION OF THE REAGENT SOLUTIONS 
Decimolar solutions of ceric sulphate were prepared in 0.5M H2SO4 and 
those of acrylamide were prepared in DMW. A 4M solution of phosphoric acid was 
also prepared in demineralised water. 
2.2.3 SYNTHESIS OF ION-EXCHANGE MATERIAL 
A number of samples of acrylamide cerium (IV) phosphate were prepared by 
adding one volume of ceric sulphate solution in two volumes of (1:1) a mixture of 
H3PO4 and acrylamide solution dropwise with constant stirring using a magnetic 
stirrer at a temperature of 70 ± 5°C. The resulting slurry obtained under these 
conditions was stirred for 4 hour at this temperature, filtered and washed with 
demineralised water (pH ~ 4). Finally, the slurry was dried at room temperature, 
resulting in a sheet, which was cut into small pieces and converted into H'^ -form by 
treating with 1 M HNO3 for 24 hours with occasional shaking and intermittently 
replacing the supernatant liquid with fresh acid. The material thus obtained was 
then washed with demineralized water to remove the excess acid before drying 
finally at 45°C and sieved to obtain particles of size 50-70 mesh. Table 2.1 
summarize the synthesis of various samples of the material. On the basis of highest 
ion exchange capacity sample was therefore, selected for further studies. 
2.2.4 PHYSICO-CHEMICAL STUDIES OF THE ION-EXCHANGE 
MATERIAL 
2.2.4.1 ION-EXCHANGE CAPACITY 
The ion exchange capacity (i.e.c.) of the sample was determined as usual by the 
column process taking I g of the material (H^-form) in a glass tube of internal 
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diameter ~ 1 cm, fitted with a glass wool at its bottom. 250 ml of 1 M NaNOs was 
used as eluant, maintaining a very slow flow rate (~ 0.5ml min''). The effluent was 
titrated against a standard alkali solution to determine the total H'^ -ions released. 
The ion exchange capacity in meq g"' (dry basis) for various metal ions are reported 
in Table 2.2. 
2.2.4.2 ELUTION BEHAVIOUR 
The extent of elution was found to depend upon the concentration of the 
eluant. To smdy the effect of concentration on ion exchange capacity NaNOs 
solution of varying concentration (0.2-1.2M) were passed through the column. The 
H'^ -ions thus eluted were titrated against a standard 0.1 M NaOH solution. Fig. 2.1 
shows the variation of the H'-ions eluted out with different concentration of the 
eluant. 
The optimum concentration of the eluant for the complete elution of H*-ions 
in 250 ml NaNOa solution was found to be 1 M. Then a similar column containing 
1 g exchanger was eluted with a NaN03 solution of 1 M concentration in different 
10 ml fraction with minimum flow rates described above. This experiment was 
conducted to find out the minimum volume necessary for a complete elution of H*-
ions which reflects the efficiency of column. Fig. 2.2 shows the elution behaviour 
of the exchanger. 
2.2.4.2 THERMAL STUDIES 
Several 1.0 g of the sample of the material were heated at various 
temperature in muffle furnace for one hour and their ion exchange capacity was 
determined by the usual column process after cooling them to room temperature. 
The results are summarized in Table 2.3. 
2.2.4.4 pH TITRATION 
pH titrations were perfonned by the batch process using the method of Topp 
and Pepper [4] using an Elico pH meter, model LI-10.Various 500 mg portions of 
the exchanger in the H^-form were placed in each of the several 250 ml conical 
flasks followed by the equimolar solution of alkali metal chlorides and their 
hydroxides in different volume ratios, the final volume being 50 ml to maintain the 
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Table 2.1 
Synthesis of various samples of acrylamide cerium (IV) phosphate. 
Sample No. 
AACeP-1 
AACeP-2 
AACeP-3 
AACeP-4 
AACeP-5 
M moles of 
acrylamide/IOOO ml 
10 
50 
100 
200 
500 
Na* ion-exchange 
capacity (meq/dry g) 
0.94 
2.64 
0.92 
0.84 
0.70 
Table 2.2 
Ion exchange capacity of acrylamide cerium (IV) phosphate for various 
metal ions. 
Metal solution 
LiNOa 
NaNOs 
KNO3 
Mg(N03)2 
Ca(N03)2 
Sr(N03)2 
Ba(N03)2 
Ion exchange capacity (meq/dry g) 
2.4 
2.6 
2.25 
2.90 
4.0 
3.0 
2.0 
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0.2 0.4 0.6 0.8 1.0 
Molarconc.of NaN03 
1.2 
Fig. 2.1 Concentration plot of acrylamide cerium (IV) phosphate. 
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Fig. 2.2 Histogram showing the elution behaviour of acrylamide cerium (IV) phosphate 
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ionic strength constant. The pH of the solution was recorded after equihbrium and 
was plotted against the multiequivalent of the OH ions added. The results are 
shown in Fig. 2.4. 
2.2.4.5 INFRARED SPECTROSCOPIC STUDIES 
The IR studies were carried out by the KBr disc method. Fig. 2.5 shows the 
IR spectrum of the material. 
2.2.4.6 X-RAY DIFFRACTION STUDIES 
X-ray diffraction studies were made on a Philips, X-ray diffractometer, 
model PW 1710. Fig. 2.6 shows the X-ray diffraction pattern of the material. The 
X-ray diffraction data is summarized in Table 2. 4. 
2.2.4.7 SCANNING ELECTRON MICROSCOPE STUDIES 
Scanning electron microscope model JEOL JSM 840, SM was used for SEM 
studies. Figure 2.7 shows the electron micrograph of the material. 
2.2.4.8 DISTRIBUTION STUDIES 
200 mg of the exchanger in the H^-form were equilibrated with 20 ml 
solutions of different metal ions in different media. The initial metal ion 
concentration was so adjusted that it did not exceed 3% of the total ion exchange 
capacity. The metal ions in the solutions before and after equilibrium were 
determined by the EDTA [5] titrations and the distribution coefficients, Kd were 
calculated by the formula: 
' F M{g) 
where, I is the initial volume of EDTA used and F is the final volume of EDTA 
used. V, is the total volume of the solution (ml) and M, is the amount (g) of the 
exchanger. Table 2.5 shows the Kj values of some of the metal ions in different 
media. 
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Table 2.3 
Thermal stability of acrylamide cerium (IV) phosphate after heating to 
various temperature for 1 hour. 
Drying(°C) 
temperature 
45 
10 
200 
400 
Na"^  ion-exchange capacity 
(meq/dry g) 
2.64 
1.8 
1.06 
0.14 
Change in 
colour 
Lemon yellow 
Yellow 
Yellow 
Creamish 
% Retention of 
i.e.c 
100.00 
68.15 
40.15 
5.30 
Table 2.4 
X-ray diffraction data of acrylamide cerium (IV) phosphate 
Peak No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
2 Theta 
7.480 
11.280 
17.500 
21.980 
26.600 
27.900 
28.22 
28.500 
28.960 
29.960 
31.980 
32.860 
33.540 
34.140 
36.500 
FW/HM 
0.165 
0.329 
0.259 
0.235 
0.212 
0.165 
0.165 
0.212 
0.188 
0.188 
0.165 
0.118 
0.141 
0.259 
~ 
d value 
11.8089 
7.873 
5.0635 
4.0405 
3.3483 
3.1952 
3.1597 
3.1293 
3.0806 
2.9800 
2.7962 
2.7233 
2.6697 
2.6241 
2.4597 
Intensity 
2673 
1455 
1503 
1060 
1221 
1482 
1511 
1355 
1279 
1132 
1082 
1178 
1036 
1207 
857 
m„ 
100 
54 
56 
40 
46 
55 
57 
51 
48 
42 
40 
44 
39 
45 
32 
38 
Table 2.5 
Kd values of some metal ions on acrylamide cerium (IV) phosphate in 
DMW, hydrochloric acid, nitric acid and perchloric acid media 
Metal 
ions 
Mg(II) 
Ca(II) 
Sr(Il) 
Ba(II) 
Pb(II) 
Mn(II) 
Cd(II) 
Cu(ll) 
Co(II) 
Hg(II) 
Ni(n) 
Cr(III) 
DMW 
3333.3 
4900 
963.6 
3700 
2220 
2081 
1158 
458.0 
3042.8 
7466.6 
1418.7 
36.3 
O.OIM 
1187.5 
3000 
875 
2757 
1264.7 
1400 
828.5 
2500 
1366.7 
7466.6 
1178.0 
36.3 
HCl 
O.IM 
984.2 
2757.1 
735.7 
2475 
802.7 
860 
550 
1200 
1194 
3683 
1115 
25 
IM 
662,9 
1233 
317.8 
1772.7 
802.7 
700 
290 
800 
1122 
3683 
1095 
25 
O.OIM 
2188 
614.2 
515.7 
1772.7 
1833 
1746 
457 
2240 
1592 
5575 
1635 
50 
HNO3 
O.IM 
1273 
506.0 
200 
880.9 
1684.6 
1400 
387.5 
1060 
947.6 
5575 
1178.9 
50 
I M 
795.6 
414 
88.7 
795.6 
1264.7 
1042.8 
230 
836 
947.6 
3683 
1057 
25 
O.OIM 
2842.6 
525 
1387 
1484.6 
2800 
2081 
680 
1700 
1366 
5575 
1635 
25 
HCIO4 
O.IM 
1616 
506.0 
368 
1111.7 
792 
1614 
622 
1131 
1122 
5575 
1418 
25 
IM 
930 
505 
234.2 
880 
673.3 
860 
343 
735 
1000 
3142 
1250 
25 
Table 2.6 
Binary Separation of metal ions achieved on acrylamide cerium (IV) 
phosphate columns. 
S.No. 
1 
2 
3 
4 
Separation 
achieved 
M, M2 
Ni(II) -Hg(II) 
Cd(lI)-Hg(II) 
Pb(II)-Hg(II) 
Pb(II) - Cd(n> 
Amount loaded 
(Kg) 
M, Mj 
4579.56 4470.89 
4164.34 5504.56 
4968.15 5504.56 
4968.15 4164.34 
Amount found 
(ng) 
M, M2 
4470.89 5504.56 
4395.96 5254.35 
4843.94 5254.35 
4968.15 3932.99 
Error (%) 
M, 
-2.38 
+5.5 
-2.5 
0 
M2 
0 
-4.54 
-4,54 
-5.5 
Eluant used 
Ni:0.1MHCl 
Hg: 1 M HCl 
1 M NH4CI 
Cd:lMHN03 
Hg: 1 M HCl 
IMNHiCl 
Pb:0.1MHClO4 
Hg: 1 M HCl 
+ 
1 M NH4CI 
Pb:0.1MHClO4 
Cd: 1 M HNO3 
Volume 
of eluant 
(mi) 
40 
50 
40 
50 
40 
50 
40 
40 
39 
2.2.4.9 SEPARATIONS ACHIEVED 
200 mg of the exchanger in H*-foim was used for binary separations in a 
glass tube haying an internal diameter of ~ 0.6 cm. The column was washed 
thoroughly with demineralised water and the mixture to be separated was loaded on 
it. After recycling 2 or 3 times to ensure complete adsorption of the mixture on the 
column bead, the metal ion were eluted at a flow rate ~ 2-3 drops min'. Using 
eluant selected on the basis of K^  values obtained. The metal ions in the effluent 
were determined quantitatively by EDTA titrations. Table 2.6 and Fig. 2.8 gives the 
salient features of the separations. 
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2.3 RESULTS AND DISCUSSION 
A new fibrous crystalline inorganic ion exchanger (AACeP) has been 
developed which possesses a higher ion exchange capacity (2.6 meq/dry g) as 
compared to other inorganic materials prepared in these laboratories [6-8]. Further 
the material is obtamed in the form of a sheet. The SEM of the material (Fig. 2.7) 
shows the fibrous nature of the material. 
The thermal stability of the material appears to be less than the normal 
inorganic ion exchangers, which may be due to the presence of the organic part in 
its structure. However, on comparing the material with acrylonitrile cerium (IV) 
phosphate (ANCeP) which has been prepared earlier, AACeP retains 40.15% of its 
i.e.c. on heating upto 200°C while ANCeP retains only 0.40% at this temperature. 
The elution behaviour indicates that the exchange is quite fast and almost all 
the HMons are eluted out in the first 140 ml of the effluent from a column of 1.0 g 
exchanger (Fig. 2.2). The optimum concentration of the eluant was found to be 1 M 
(Fig. 2.1) for a complete removal of H*-ions from the above column. 
The pH-titration studies reveal that the material behaves as a bifunctional 
acid for Li* showing its theoretical i.e.c. at equilibrium ~ 3.25 meq/g. The 
bifunctional behaviour becomes less prominent in case of the H'^ -Na* exchange. 
The i.e.c. for this is found to be little less (-2.75 meq/g). However, in case of K" 
the exchanger appears to be a monofunctional acid i.e., the exchange process is 
completed in a single step. The value of the i.e.c. further decreases in this case 
(~ 2.5 meq/g). This discrepancy may be explained on the basis of the hydrated radii 
of these ions which are in the order Li"^  > Na* > K\ A metal ion with a lower 
hydrated radii may be exchanged more effectively on the exchanger surface. The 
i.e.c. determined experimentally with the value obtained on the basis of the pH-
titration. 
The TGA curve (Fig. 2.3) shows the removal of external water molecules 
"n", at 100°C amounting to the weight loss of 2.3%. Beyond 100°C an abrupt loss 
of weight of 15% may be due to the removal of the strongly coordinated H2O 
molecules from the framework of the exchanger which continues upto 510°C where 
the weight becomes almost constant. It also involves the production of CeOa at 
450°C [9]. 
100 150 200 250 300 350 AOO A50 5 00 550 
Tempera ture ( C) 
Fig. 2.3 TGA curve of acrylamide cerium (IV) phosphate. 
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Fig. 2.4 Equilibrium pH titration curve of acrylamide cerium (IV) phosphate. 
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Fig. 2.5 IR spectrum of acrylamide cerium (IV) phosphate. 
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Fig. 2.6 X-ray diffraction pattern of acrylamide cerium (IV) phosphate. 
H» 
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Fig. 2.7 Scanning Electron micrograph of acrylamide cerium (IV) phosphate at different 
magnifications: 
(a) X 2600 
(b) X 2800 
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Fig. 2.8 Separation of Ni^ ^ from Hg^^ Cd^* from Hg^ ;^ Pb^^ from Hg^^; Pb^^ from Cd^ ^ 
on acrylamide cerium (IV) phosphate columns: 
(a) 0.1 M HCl; (b,d,f) 1 M HCl + 1 M NH4CI 
(e,g)0.1MHC104; (c,h) 1 M HNO3 
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The value of external H2O molecules "n" can be calculated with the help of 
molar composition of the material which is a separate study under progress. 
Infra Red Spectrum (Fig. 2.5) show the presence of external water molecules 
in addition to the metal-oxygen and metal-OH stretching bands in the material. 
Absorption bands at 520 cm'' and 1050 cm"' are due to the presence of POf 
groups. The metal-oxygen and metal OH bands are observed at 628 cm' . The 
absorption band at 3400 cm'' is due to the presence of external water molecules 
while the band at 1600 cm'^  identifies the water of crystallization. The absorption 
o 
band at 2500 cm' is due to the presence of R.C.NH2 group [10]. 
The X-ray diffraction pattern of material (Fig. 2.6) exhibit very sharp and 
well defined peaks indicating its well crystalline character. Table 2.4 summarizes 
the X-ray diffraction data of the material. 
The distribution behaviour of some of the metal ions have been perrormed 
on AACeP column in different media. On the basis of these studies, the material 
was found to be highly selective for Hg^ "^  which is a polluting metal ion (Table 2.5). 
The potential of this material has also been demonstrated by achieving some 
important binary separations such as Hg(II)-Ni(Il), Hg(II)-Cd(II), Hg(II)-Pb(II), 
Pb(ll)-Cd(ll). The results were found to be quite precise and reproducible as Table 
2.6 and Fig 2.8 shows. 
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